INTRODUCTION
Broiler chickens have usually been kept on a continuous or nearly continuous lighting (23 L:1 D, CL) schedule so as to maximize feed intake and growth rate (Campo and Davila, 2002) . Several undesirable traits, however, including increased fat deposition, higher incidence of metabolic diseases, skeletal deformities, and circulatory problems can become quite prevalent for birds reared under a continuous lighting schedule (Buys et al., 1998; Kristensen et al., 2006; Olanrewaju et al., 2006) . Different types of lighting programs such as intermittent (John et al., 1993; Rahimi et al., 2005; Onbasilar et al., 2007) , increasing photoperiods (Blair et al., 1993; Renema and Robinson, 2001 ) and a wide range of light intensities (Yahav et al., 2000; Lien et al., 2007; Blatchford et al., 2009 ) have been tested during the last 5 decades. Some researchers observed that an intermittent lighting (IL) schedule significantly increased growth rate (Classen and Riddell, 1989; John et al., 1993; Buyse et al., 1996) and feed conversion ratio (FCR) of broilers (Apeldoorn et al., 1999; Ohtani and Leeson, 2000; Rahimi et al., 2005) , whereas others indicated that photoperiod treatments had no effect on performance (Renden et al., 1996; Lien et al., 2007; Archer et al., 2009) or that IL reduced the FCR (Onbasilar et al., 2007) of chickens. Most research on effects of lighting schedule on carcass traits showed that there was no difference between IL and CL in the percentages of abdominal fat, wings, thighs and breast muscle (Renden et al., 1996; Chen et al., 2007; Onbasilar et al., 2007) , whereas Malone et al. (1980) and Rahimi et al. (2005) reported that an intermittent lighting schedule significantly reduced abdominal fat ratio. Few reports have appeared, however, of the effect of IL on meat quality of (Kamran et al., 2008) , nitrogen excretion (Bregendahl et al., 2002) and fat deposition (Nahashon et al., 2005) as well as the incidence of metabolic disorders and leg abnormalities (Julian, 1998) in broiler production. Manipulation of nutrient density has been shown to affect growth performance and carcass quality. Most research found that feeding a high nutrient density diet increased body weight, decreased FCR (Leeson and Zubair, 1997; Tesseraud et al., 2003; Nahashon et al., 2005; Fan et al., 2008) , and produced greater carcass (Nahashon et al., 2005; Brickett et al., 2007) and higher abdominal fat weight (Leeson and Zubair, 1997; Sikur et al., 2004; Fan et al., 2008) of birds compared with a low nutrient density diet. Others reported that a low nutrient density diet resulted in a poorer feed efficiency (Wu et al., 2007; Fanatico et al., 2008; Kamran et al., 2008) and no effect on carcass yield, breast meat yield, thigh yield and abdominal fat (Kamran et al., 2008) . Only one study on the effect of nutrient density on meat quality reported that a high density diet led to a higher fat content and lower dry matter, ash and protein content and cooking loss of meat than for birds on a low density diet (Fanatico et al., 2007) . MDA, as a lipid peroxidation index, is one of the major causes of quality deterioration in meat, and products made from the meat of such birds cause an increased risk of cardio-vascular diseases in humans (Karamouz, 2009 ), but few related studies had been done.
A small percentage of reports has focused on the interaction of lighting schedule and protein or energy levels on growth performance in broilers. Buys et al. (1998) reported that there was a significant lighting schedule by protein interaction on body weight, but Keshavarz (1998) did not observed such interaction. Few studies have been done to examine the effect of lighting schedule by nutrient density interaction on carcass traits and meat quality in broiler chickens.
Therefore, the objective of the present experiment was to evaluate the effect of four lighting programs and two nutrient density diets on growth performance, carcass traits and meat quality in broiler chickens.
MATERIALS AND METHODS

Animals and experimental design
A group of 576 day-old Arbor Acre male broiler chickens from a commercial hatchery (Lanzhou, China) were weighed, wing-banded and randomly assigned to eight experimental treatments, comprising a 4×2 factorial arrangement of light treatments and diets. The two nutrient densities were high (H, starter diet: 13.39 MJ AME/kg, 23.00% CP; finisher diet: 13.39 MJ AME/kg, 19.70% CP) and low (L, starter diet: 12.03 MJ AME/kg, 20.80% CP; finisher diet: 12.14 MJ AME/kg, 18.30% CP) energy and protein level. The corn-soybean meal diets (Table 1) were formulated to meet the requirements for starter and finisher broilers of the experiment. Diets were provided in powder form.
Housing and management
A big room (12.6 m×7.6 m×3.0 m) was divided into four environmentally independent parts (3.15 m×7.6 m×3.0 m) with black-out cloth to ensure that the light treatments could not influence each other. Walls and ceilings in the rooms were painted white to ensure light intensity. Using black-out cloth on the surface of the windows provided darkness. In each part, 12 cages (1.3 m×0.78 m×0.58 m) were installed in a three tier battery system, six cages for high density and six for low density, two of which were located at three different tiers. Effect of location had been considered. Advantages of cage-rearing include better utilization of heated space, mechanization, no need for expensive litter, and reduced contact with feces. Broilers have been reared in cages without reductions in body weight at the time of slaughter (Hypes et al., 1994) . The room was provided with electric heaters with thermostats to adjust the environmental temperature according to the age of the birds. Temperature was set initially at 33°C and gradually reduced by 1°C/2 d until 22°C was reached. Illumination was provided by 15-W incandescent bulbs (There has recently been a trend towards the use of fluorescent bulbs or high pressure sodium discharge lights because of their longer life and lower running costs). Automatic timers were used for intermittent lighting. All birds were provided with 23 L:1 D from 0 to 3 d of age. Lighting regimes were initiated at 4 d of age. Intensity of the light at feeder trough (1.3 m×0.15 m, feeder barrels were used before 3 wk of age) level was 7.81±3.11 lux from 0 to 21 days and 7.26±3.49 lux from 22 to 42 days. Light intensity was measured with the photoreceptor sensor of a light meter (Model: ZDS-100W; Shanghai Jiading Xuelian Meter Factory, China). The intermittent cycle started at 6 am. Feed and water (each cage contained two nipple drinkers, bell-type drinkers were used before 3 wk of age) were available ad libitum during the experiment.
All chickens were vaccinated for Marek's disease, Newcastle disease and infectious bronchitis. Housing ventilation was provided by electric exhaust fans. Four rooms were designed to provide identical conditions, except that lighting schedules were changed. Metabolic disorders and dead chickens were recorded daily.
Measurements
Growth performance : Feed consumption was recorded daily on a per-cage basis. The residual feed was collected once daily before the morning feeding. Body weight of birds was measured individually on a weekly basis. Feed/gain was calculated by cage at 7, 14, 21, 28, 35, and 42 d. In addition, feed consumed by birds that were culled from the trial was included but their growth was not.
Carcass traits : At 42 d of age, 1 chicken from each replicate was randomly selected and slaughtered after 12 h starvation, immersed in 60°C water for 2 min, and plucked in a rotary drum. The carcass was eviscerated manually by cutting around the vent to remove all of the viscera including the kidneys. Carcasses were weighed. Abdominal fat consisted of fat surrounding the gizzard and proventriculus (NY/T 823-2004, China) . Each carcass was cut into its component parts: breast muscle, legs, leg muscle and wings. All weights were recorded to the nearest 0.1 g. Yields were calculated as a percentage of carcass weight.
Meat quality : Meat quality analysis was carried out on pectoralis major muscles. The pH value was measured 45 min post-mortem in the right pectoralis major with a portable pH meter (Model: PHB-4; Shanghai Precision & Scientific Instruments Co. Ltd., China) equipped with an insertion glass electrode calibrated in standard buffers at pH 4.00 and 6.86 at ambient temperature. Moisture loss rate was estimated as follows: A raw meat sample weighing about 10 g was placed between 18 pieces of 11-cm-diameter filter paper and pressed at 35 kg for 5 min (Wierbicki and Deatherage, 1958) . Expressed juice was defined as the loss in weight after pressing and presented as a percentage of the initial weight of the original sample (Bouton et al., 1971) . The concentrations of malondialdehyde (MDA) in breast muscle were assayed using assay kits purchased from Nanjing Jiancheng Insititute of Bioengineering (Nanjing, Jiangsu, China) and procedures followed according to the manufacturer's instructions. Dry matter, fat and crude protein content were analyzed according to the Association of Official Analytical Chemists (1990) .
Statistical analysis
The data were analyzed by a two-way analysis of variance using the general linear models (GLM) procedure of SPSS 10.0 (1995). The model included main effects of lighting schedule, nutrient density and their interaction. Cage was the experimental unit. Significance was designated as p<0.05. Means were compared by S-N-K multiple-range test when a significant difference was detected. 
RESULTS
Growth performance
Body weight, feed intake and feed conversion ratio for the different treatments are summarized in Table 2 
--------------------------------------------------p value -------------------------------------------------
Carcass traits
Breast muscle percentage of chickens reared under 12 L:12 D was significantly lower (p<0.05) than under 23 L:1 D and 16 L:8 D schedules (Table 5 ). Low density diet reduced (p<0.001) abdominal fat percentage and increased (p<0.05) percentage of wings and legs. There was no lighting schedule×diet interaction (p>0.05).
Meat quality
The 12 L:12 D lighting schedule reduced (p<0.05) the concentrations of MDA in comparison with 23 L:1 D (Table  6 ). Three IL schedules increased (p<0.001) meat protein of chickens. The low density diet increased (p<0.05) moisture loss of meat. There were no differences (p>0.05) in pH value and fat content of meat and no lighting schedule×diet interaction.
DISCUSSION
Research on intermittent lighting has been extensive but complicated by a wide variety of light-dark cycles and management system. Most research focused on short lightdark cycles gained more superior performance (Malone et al., 1980; Buyse et al., 1996; Rahimi et al., 2005) . The present experiment was designed to make full use of daylight. Several different short light-dark intermittent lighting schedules were designed from the point of view that chicks would consume all the feed they desired within 1 h, and empty their crops sufficiently to eat again after 3 h (Barott and Pringle, 1951) . In the present study, body weight of chickens reared (Buyse et al., 1996; Buys et al., 1998; Ohtani and Leeson, 2000) . Subsequently, chickens reared under IL manifested catch-up growth. From 28 d posthatching to the end of the experiment, there was no difference in weight of chickens for the four lighting treatments. The results showed that an intermittent lighting schedule was more beneficial to broiler production by saving electricity. Previous studies obtained similar results (Buyse et al., 1996; Hassanzadeh et al., 2000; Lien et al., 2007) . For days 0 to 42, FCR was not different among the four lighting schedules and was the result of no difference for body weight and feed intake. These observations are similar to reports by Buckland et al. (1976) and Ohtani and Leeson (2000) , whereas other researchers showed that IL can increase FCR of broiler chickens (Apeldoorn et al., 1999; Rahimi et al., 2005; Canan Bölükbas and Hakki Emsen, 2006) . Of special mention is that most researchers used a floor-based system in their trials. Ketelaars et al. (1986) used a 3-tier battery system and indicated that the IL group tended to grow faster and to consume more feed, and the ratio of feed intake to weight gain was consistently lower. It is notable that the light-dark cycle in the studies showing improved FCR was shorter than in those studies which showed no effect. So it can be concluded that the FCR of chickens is associated with length of the light-dark cycle. Dietary nutrient density is one of several nutritional factors that has a significant impact on the growth and health of broiler chickens. In the present study, heavier body weight of chickens fed on high nutrient density diets was the result of higher FI. The superior FCR was due to the degree of increase for body weight being greater than that for feed intake. Sikur et al. (2004) , Fanatico et al. (2008) and Wu et al. (2007) reported similar results. It can be concluded that, within a certain range of nutrient density, increasing FI can induce the body weight to increase with increasing nutrient density, although animals have the ability to regulate feed intake based on the dilution of nutrient density (Kamran et al., 2008) .
Abdominal fat weight is a reliable predictor of total fat weight and permits estimation of lean carcass (Cave, 1981) . Fat deposition was considered to be, at least partially, responsible for feed conversion rate and actual feed intake (Buyse et al., 1996) . In the current study, there was no difference for BW, FI and FCR between IL and CL through 0 to 42 d. So lighting schedule showed no effect on abdominal fat weight. Renden et al. (1996) and Chen et al. (2007) obtained similar results, whereas Buyse et al. (1996) and Rahimi et al. (2005) reported that an IL program significantly reduced abdominal fat weight of chickens and Ohtani and Leeson (2000) found that IL increased the weight of abdominal fat of chickens. In the present study, the greater abdominal fat of chickens in high density diet groups was the result of deposition of excess abdominal or carcass fat because of the increased dietary energy (Kamran et al., 2008) . These results were similar to other findings (Sikur et al., 2004; Fan et al., 2008) .
Breast muscle percentage of chickens reared under 12 L : 12 D was lower in this study and might be the result of decreasing duration of feed consumption and the birds not being able to achieve growth potential (Brickett et al., 2007) . Chen et al. (2007) indicated that there were no differences among lighting treatments (17 L:7 D, 15 L:9 D, 13 L:11 D, 11 L:11 D) in breast muscle percentage. The higher ratio of wings and legs observed on the low density diet might be attributable to the birds being more active during the light phase (Balog et al., 1997) , and the wings and legs gaining more exercise to a certain degree.
The extent of lipid peroxidation can be monitored by MDA levels (Long and Kramer, 2003) . In the present study, we observed that the photoperiod of 12 L:12 D reduced MDA concentration by 54.35% in breast meat compared with 23 L:1 D treatment. Another two IL treatments showed 32.24% and 32.10% reduction although there was no significant difference. This may be the result of increased secretion of melatonin. Brennan et al. (2002) reported that melatonin was secreted during darkness by the pineal gland and melatonin could efficiently restrict excessive release of oxygen-free radicals (He, 2002) .
Intermittent lighting was found to enhance protein content of breast meat in 6-wk-old broiler chickens when compared with CL. This may have occurred because IL promoted the retention of nitrogen (Buyse et al., 1996) . Little research had been done to evaluate the effect of lighting schedule and nutrient density on moisture loss. Our results showed that high nutrient density decreased the moisture loss of meat. These results are similar to those of Fanatico et al. (2007) which indicated that a high density diet led to a higher dry matter and superior water-holding capacity than the low density diet.
It was noticeable that a lighting schedule by diet interaction was observed for FCR from days 8 to 14 and 15 to 21. Under 23 L:1 D, 20 L:4 D and 12 L:12 D treatments, high nutrient density increased FCR, but failed to increase it under 16 L:8 D. Related reports are rare and further study is required to define the interaction.
In addition, six birds were found with leg abnormalities, four of which were less than 7 d of age and the other two (one at 2 wk and the other at 6 wk) were in the high density 20 L:4 D group and the low density 16 L:8 D group. Two chickens died, both before 7 d of age. The abnormalities and mortalities before 7 d of age mostly occurred among chickens that appeared weak upon arrival from the hatchery, so were unlikely to be related to the treatments.
In conclusion, chickens under four different lighting schedules produced similar growth performance at the end of the periods. Three IL schedules increased meat protein of chickens. 12 L:12 D schedule decreased the breast muscle ratio and concentrations of MDA. High nutrient density diets resulted in greater performance and lower moisture loss of meat. Low density diets increased wings and legs percentage and reduced abdominal fat rate. Lighting schedule and nutrient density had some interactive effects on broilers. Further study is needed to define the effect and the mechanism of lighting on performance, carcass traits and meat quality and the mechanism of lighting schedule by nutrient density interaction.
